Abstract. napsin A is a newly discovered functional aspartic proteinase that is expressed in normal lung parenchyma in type Ⅱ pneumocytes and is thought to be associated with primary lung adenocarcinoma. thyroid transcription factor-1 (ttF-1) is a widely used relatively restricted marker for lung adenocarcinoma. the present study aimed to compare the usefulness of napsin A with TTF-1 for the identification of primary lung adenocarcinoma. Immunohistochemical expression of napsin A and ttF-1 was analyzed in 351 lung cancer tissues, including 27 metastases. napsin A was expressed in 180 of 212 (84.9%) primary lung adenocarcinomas, while no expression was noted in all 27 metastatic lung cancer specimens, including 19 metastatic adenocarcinomas. In contrast, ttF-1 expression was not only noted in 179 of 212 (84.4%) primary lung adenocarcinomas, but also in 12 of 18 (66.7%) small-cell carcinomas and some of the squamous carcinomas, as well as in one metastatic adenocarcinoma from the thyroid. the sensitivity and specificity of napsin A for primary lung adenocarcinoma (84.9 and 93.8%, respectively) were higher than the sensitivity and specificity of TTF-1 (84.4 and 83.9%, respectively). By combining napsin A and TTF-1, sensitivity increased to 91.0%. Furthermore, the sensitivity and specificity expression was associated with gender, smoking history, performance status, pathological type, primary tumor size and nodal metastasis. therefore, napsin A is a useful novel marker in the differential diagnosis of primary lung adenocarcinoma.
Introduction
lung cancer is the most frequently diagnosed major cancer in the world and the most common cause of cancer-related death, with a yearly growth in incidence (1) . By virtue of its abundant blood supply, the lung is also a common site for metastasis from tumors arising at other sites in the body. The therapeutic strategies and prognosis differ between different histopathological classifications. However, making a definite diagnosis is not always easy, even for experienced pathologists. In order to improve the diagnostic and prognostic value, molecular markers are needed to facilitate the classification. Napsin A is a recently described aspartic protease, uniquely expressed in lung and kidney cells (2) (3) (4) . In normal lung it has been found to be present in type Ⅱ pneumocytes and to be involved in the maturation of the biologically active surfactant protein B (SP-B) (5) . Studies have shown its expression in primary lung adenocarcinoma; thus, napsin A can be used in defining primary adenocarcinoma of the lung (6, 7) . Nevertheless, compared with other markers, there has been limited research involving napsin A. Its usefulness in lung cancer has yet to be clarified.
the present study aimed to examine the prevalence of napsin A in lung cancer tissues, compared with another marker, thyroid transcription factor-1 (TTF-1), which has recently been recognized as a useful marker for lung adenocarcinoma (8, 9) , and to evaluate their utilization in the identification of primary and metastatic lung cancer. the association of their expression with clinicopathological parameters is also evaluated in this study.
Materials and methods
Patient selection and tissue sample collection. All patients with lung cancer in this study were from Changhai Hospital, Shanghai, P.R. China, during the period 2007 and 2008. The pathological tissue specimen and clinical data for each patient were colleted prior to treatment. the clinical data included age, gender, smoking history, performance status (PS), histopathological diagnosis, grade of tumor differentiation, tumor stage, primary tumor size and nodal metastasis. Histological subclassification was carried out according to the World Health Organization (WHO) classification. PS was estimated using the eastern cooperative oncology group (ecog) scale. Tumor stage was defined according to the International Union Against Cancer (UICC) classification. In total, 324 patients with primary lung cancer and 27 patients with metastatic lung cancer met our study criteria.
Among the 324 patients, 222 cases were male and 102 cases, female (gender ratio, 2.2:1), and the median age was 61 years (range 30-84). A total of 145 patients (44.8%) had a history of smoking and 264 patients (81.5%) had symptoms when first diagnosed, such as cough, expectoration, hemoptysis, chest pain and fever. Adenocarcinoma (n=212) was the most common Value of napsin A and thyroid transcription factor-1 in the identification of primary lung adenocarcinoma of the 27 cases with metastatic lung cancer, 8 cases originally developed from mammary adenocarcinoma, 7 from colon carcinoma, 3 from gastric carcinoma, 1 from thyroid adenocarcinoma, 2 from melanoma, 2 from hepatic cellular carcinoma, 2 from uterine cervix cancer and 2 from suprarenal epithelioma.
Immunohistochemistry. All specimens were routinely fixed in 10% buffered neutral formalin and embedded in paraffin. each section (5.0 µm) was stained with the standard hematoxylin and eosin method for screening review by two experienced pathologists (L.H. and D.L.M.).
Immunohistochemistry was performed using an enVision two-step method. Primary antibodies included anti-napsin A and anti-TTF-1 antibody (both at a 1:200 dilution, mouse monoclonal antibody; Dako, Denmark). The paraffin was removed from the slides by xylene, and the tissue was rehydrated in various concentrations of ethanol. Hydrogen peroxide (3%) was added to eliminate endogenous peroxidase activity. the slides were then processed using steam-heat retrieval for 30 min. The antibody was incubated for 30 min at 37˚C. The abovementioned steps were performed automatically in a Dako automatic immunostainer. negative controls for napsin A and TTF-1 were carried out by omitting the primary antibody. The positive controls were previously known napsin A-or ttF-1-positive lung tissues.
Scoring. For napsin A, only a granular cytoplasmic staining pattern was accepted as positive, while for ttF-1, only a nuclear staining pattern was considered to be positive. The stained slides were observed microscopically by two experienced pathologists. results were scored in accordance with the criteria of Ueno et al (6) and expressed on a plus-minus scale based on the proportion of tumor cells stained: -, 0-10%; ++, 10-50% and +++, 50-100%.
Statistical analysis. Univariate clinicopathological variables were analyzed using the χ 2 -test. Variables with p<0.05 in the univariate analysis were included in a logistic model. The correlation between napsin A and TTF-1 expression was evaluated using Spearman's correlation coefficient. P<0.05 was considered statistically significant. Statistical tests were performed using the software SPSS 13.0 version (SPSS Inc., Chicago, IL, USA).
Results
Napsin A expression in lung cancer. Immunohistochemistry showed that napsin A was expressed in the cytoplasm with a granular staining pattern, but no staining in the nucleus (Fig. 1 ). As shown in Table Ⅰ , napsin A expression was positive in 84.9% of the lung adenocarcinomas, and 87.5% in the glandular component of adenosquamous cell carcinomas, but negative in other types of primary lung cancer and metastatic lung cancer cases. Napsin A had a high specificity of 93.8% to lung adenocarcinomas. comparatively, napsin A expression was also noted in normal type Ⅱ pneumocytes and some alveolar macrophages near the neoplasms, while no expression was observed in type Ⅰ pneumocytes, bronchiolar epithelium, bronchial epithelium and stromal cells.
TTF-1 expression in lung cancer. ttF-1 expression was located in the nucleus with no staining on the membrane and in the cytoplasm (Fig. 2) . A positive expression was observed mostly in adenocarcinomas, small-cell carcinomas and the glandular component of adenosquamous cell carcinomas. However, ttF-1 expression was negative in the squamous component of adenosquamous cell carcinoma, large-cell carcinoma and most of the squamous cell carcinoma specimens. Its sensitivity and specificity to adenocarcinoma were 84.4 and 83.9%, respectively. nevertheless, positive nuclear staining was also observed in normal pulmonary alveolar pneumocytes near the neoplastic cells, but it was not noted in the stromal and infiltrating inflammatory cells. The metastatic lung cancer specimens were ttF-1-negative except for one adenocarcinoma from the thyroid.
Association of TTF-1 and napsin A expression with
clinicopathological parameters in primary lung cancer. the expression of napsin A and TTF-1 increased significantly in female and male patients with a history of smoking (p<0.001). Their positive expression was also associated with patients without symptoms (PS score, 0; p<0.01). In lung adenocarcinoma, both napsin A and TTF-1 expression was positively related to differentiation (p<0.001), since poorly differentiated adenocarcinoma had a lower expression. An increased expression of both napsin A and TTF-1 was noted in patients with a primary tumor size <3 cm (p<0.01) and in those without nodal metastasis (p<0.05). No significant relationships were observed between napsin A and TTF-1 expression and age and TNM stage (Table Ⅱ) .
logistic multivariate analysis demonstrated that napsin A and TTF-1 expression was associated with smoking history (p<0.01) and pathological type (p<0.001). expression rates were higher in patients with adenocarcinoma or an absence of smoking history (Table Ⅲ) . Napsin A was correlated with gender (p=0.026) and TTF-1 with PS (p=0.020).
Correlation of napsin A and TTF-1 expression in lung adenocarcinoma. Table IV shows the phenotype of lung adenocarcinoma by immunohistochemical staining. Combining napsin A and ttF-1 resulted in sensitivity to lung adenocar- 
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Discussion
Napsin A is a new member of the aspartic protease family, with a molecular weight of 35 kDa and an isoelectric point of 5.29. In 1998, tatnell et al (2) reported the naspin A gene for the first time. Prior to this study, a pair of polypeptide markers for lung adenocarcinoma, tAo1/tAo2, were described using two-dimensional gel electrophoresis (10, 11) . TAO2 was later demonstrated to be identical to napsin A (3,12). In our study, napsin A was expressed in 84.9% of the primary lung adenocarcinomas with a granular cytoplasmic pattern. no positive expression was noted in squamous cell carcinoma, small-cell or large-cell carcinomas. napsin A had a high specificity of 93.8% to lung adenocarcinoma.
In the immunohistochemical staining, napsin A-positive cells were also observed in the glandular component of the adenosquamous cell carcinoma specimens, while cells in the squamous component were all negative. To the best of our knowledge, napsin A expression in adenosquamous cell carcinoma has never been examined. When analyzed with clinical data, napsin A was observed more frequently in female non-smokers who are susceptible to lung adenocarcinoma. We also studied napsin A expression in 27 metastatic lung cancer cases, including 19 metastatic lung adenocarcinomas. they were all negative for napsin A staining. The above observation further demonstrated the tissue-specific expression of napsin A in lung adenocarcinoma. By virtue of its specificity in lung adenocarcinoma, studies have focused on its value in the diagnosis of primary and metastatic adenocarcinoma of the lung. Ueno et al (6) examined the expression of napsin in 118 lung tissues, including 16 metastases by in situ hybridization. Napsin was expressed in the tumor cell compartment in 33 of 39 lung adenocarcinomas (84.6%). Only one metastasis of a renal carcinoma origin expressed napsin, while none of the other types of tumors expressed napsin. suzuki et al (13) showed that napsin A was expressed in almost all tumor cells in most primary lung adenocarcinoma specimens (84.3%, 70/83). Its expression was not observed in any of the 32 metastatic lung tumors (colon, stomach, breast, uterus, thyroid and submandibular gland), nor in any of the primary sites of adenocarcinoma of other organs (stomach, colon, breast and thyroid). These results are largely in accordane with our observations. this study analyzed the association of napsin A with clinicopathological parameters. the expression of napsin A was significantly higher in patients without nodal metastasis or symptoms, or with a primary tumor size <3 cm, compared with their counterparts. It was also found to be associated with a high degree of differentiation in adenocarcinoma. These findings indicate napsin A may be important in the carcinogenesis of lung cancer. A number of aspartic proteinases are reported to be involved in cancer progression. However, few studies exist on the role of napsin A. nevertheless, napsin A was suggested to be involved in the processing of proSP-B in type Ⅱ pneumocytes in the human lung. Knockdown of napsin A by small interfering rnA resulted in decreased levels of mature SP-B (14) . In this context, napsin A is a significant enzyme in type Ⅱ pneumocytes. In a recent study (15) , napsin A was re-expressed in the tumorigenic HeK 293 kidney cell line. cells expressing napsin A showed a reduced capacity for anchorage-independent growth, and formed tumors in scID mice with a lower efficiency and slower onset compared to vector-transfected control cells. on the other hand, napsin A staining was associated with tumor differentiation. taken together, these observations suggest the crucial role napsin A plays in lung cancer. the loss of napsin A expression may enhance the aggressive behavior of lung cancer, influencing disease prognosis. Napsin A may also be related to patient prognosis in a yet unidentified manner. Furthermore, the expression of napsin A was significantly correlated with ttF-1 in lung adenocarcinoma. ttF-1 was identified as an independent prognostic factor for survival, besides PS and TNM stage (16, 17) . In the meta-analysis by Berghmans et al (18) , ttF-1 positivity was associated with a more favorable survival in non-small cell lung cancer, mainly in early and locally advanced stages, and adenocarcinoma. our study showed that ttF-1, as well as napsin A, exhibit a higher expression in patients with a PS of 0. Based on this observation, we hypothesize that napsin A is also a prognostic factor in lung cancer, although further investigations are needed to better define its prognostic role in this malignancy.
In the 324 primary lung cancer samples, napsin A and ttF-1 had a similar sensitivity, while napsin A had a much higher specificity to lung adenocarcinoma compared with ttF-1 (93.8 vs. 83.9%). napsin A expression was almost limited to adenocarcinoma, while ttF-1 was not so specific. Although TTF-1 was expressed in 84.4% of the adenocarcinoma specimens, its expression was also noted in a large proportion of small-cell lung carcinomas, as well as some of the squamous cell carcinomas, in accordance with previous studies (19, 20) . Furthermore, by virtue of its tissue-specific exclusive expression in thyroid neoplasms, it would be difficult to distinguish primary lung adenocarcinoma from metastatic lung adenocarcinoma from the thyroid based on clinical and morphological features. In contrast, napsin A is much more specific to lung adenocarcinoma. Although certain renal cell carcinomas have been reported to express napsin A, it is thought that these false positives are likely due to the presence of intrinsic biotin, which is readily detected on negative controls (8) . Subsequently, napsin A may be an alternative to TTF-1 for the identification of primary adenocarcinoma of the lung. False negatives exist in lung adenocarcinomas when using either napsin A or TTF-1, but these may be reduced by using the two markers together. In our clinical practice, the combined use of napsin A and TTF-1, as well as morphology and clinical information, may facilitate the diagnosis and differentiation of lung cancer.
In conclusion, napsin A has a tissue-specific expression in primary lung adenocarcinoma and may be involved in the process of carcinogenesis. Napsin A compared with TTF-1 may be more useful in the identification of primary lung adenocarcinoma.
